Investigation of Characteristics and Role of Fly Ash as an Alternative Binder in Stabilization Process of Polluted Waste Sediment from Industrial Port by Silitonga, Ernesto
 International Journal of Sciences: 
Basic and Applied Research 
(IJSBAR) 
 
ISSN 2307-4531 
(Print & Online) 
 
http://gssrr.org/index.php?journal=JournalOfBasicAndApplied 
--------------------------------------------------------------------------------------------------------------------------- 
1 
 
Investigation of Characteristics and Role of Fly Ash As An 
Alternative Binder In Stabilization Process of Polluted 
Waste Sediment From Industrial Port 
Ernesto Silitonga* 
aUniversitas Negeri Medan, jalan Willem Iskandar Medan Estate, Medan 20221, Indonesia 
aemail: ernestosilitonga@unimed.ac.id. 
 
Abstract 
Due to the high demand of the management of waste sediment from industrial port in France. The reuse of this 
particular material is urgently needed to realize. The stabilization is one of the methods proposed. The high 
content of heavy metal in this waste makes it difficult to stabilize it just only with normal hydraulic binders. Fly 
ash utilized in this study is a byproduct of from local coalmines. The main idea is to maximize the utilization of 
waste material by stabilizing waste with a waste material. The application of the reuse of the waste sediment is 
as material in road construction work. First step is identifying the initial characteristics of waste sediment and 
binders used in this study. The chemical test is implemented as well to find out the heavy metal content in the 
waste. The next step is formulating the ideal composition of the binders in the mixtures. In order to verify the 
capabilities of stabilization process (with fly ash) to meet de needs on road construction is done by realizing 
several geotechnical tests. The result shows that the heavy metal content of the waste sediment is categorized in 
a medium level (non hazardous waste). The mixture with highest strength value is not exactly with the highest 
content of fly ash. The water sensitivity test confirmed that the mixture without any fly ash content couldn’t 
survive to mouillage-sechage cyclic test.   
Keywords: Fly Ash, polluted waste sediment, stabilization, unconfined compressive strength, mouillage-
sechage. 
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The Unconfined compressive strength and tensile test shows that the addition of fly ash clearly provides an 
additional performance especially at long term of curing age. The fly ash addition helps to improve the 
engineering properties and the result confirmed that the waste sediment stabilized with fly ash could and safe to 
be used as replacement material in sub base course in road pavement. 
1. Introduction  
The important increase of volume of waste material from dredging work is making the port authority 
overwhelmed in finding solution. The classical technique, such as rejecting the waste material after is not an 
option anymore. Rejecting the waste in to the sea is categorized as illegal action. Precedent research stated that 
rejecting action could affect and harm the surrounding environment [1]. Especially after the European regulation 
concerning this particular waste material has been established. According to this regulation all the waste 
material dredged is considered as a polluted material, and should be dispose to the special area and stabilize 
until the heavy metal content categorized as an inert waste, then the waste material is considered safe to be 
reused again. The disposal site method already realized in several countries. The problem with this method is the 
high cost; the disposal site method almost cost 75% from the total cost of management waste material. [2]. 
Disposal site method is not suitable for Medium–large level port. Beside the disposal site method, a method of 
reusing this sediment is one of the most recommended solutions to solve the waste problem. In France road 
construction consumed almost 50% of the recycled material [3]. This is the reason why this domain application 
is very popular. The waste sediment from dredging material normally composed of high percentage of heavy 
metal [4]. Due to its high content of heavy metal, the chemical treatment such as stabilization with usual 
hydraulic binders is not satisfying the necessity on improving the engineering properties on the road pavement 
work [5, 6]. The present of heavy metal in the waste sediment obstruct the cement or lime hydration, and 
directly effect the strength gained of the sample [7].  The previous study shows that the evolution of strength on 
sample stabilized with only hydraulic binders shows an insignificant increase [8]. To improve a waste material 
with high content of heavy metal, it required a binder with a high active reaction. Several researches already 
tried to stabilize waste sediment with high content of heavy metal. Silica fume is one of the most reactive 
Pozzolanic binders. This binder is commonly used in concrete to produce a high performance concrete. A 
research conducted by Silitonga, working on waste sediment with high percentage of heavy metal especially the 
content of Cadmium (cd) and Zinc (Zn) [9]. The result of the sample with silica fumes content show an 
important increase of the compressive strength value. This increase started since 7 days of curing age and up 
until 180 days of curing age, the strength evolution still shows an significant increase, if compared to sample 
mixed only with cement. The addition of Silica fume clearly shows an additional strength on the sample and 
achieves the requirement needed in road structure pavement.   
2. Initial Characteristic of Material. 
Port of Cherbourg is considered as one of the biggest Industrial Port in Basse Normandie Port. Due to its high 
industrial activities, the waste sediments from dredging work is assumed as material contaminated with heavy 
metal. The sediment is taken from four sampling locations along Port of Cherbourg (see Figure 1). These 
locations are PoC_1, PoC_2, PoC_3 and PoC_4. These locations are assumed as the locations with highest 
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heavy metal content.  After being dredged the sediment will be disposed in a designed area to prevent the micro 
pollutant dispersed in surrounding environment. The hydraulic binders (cement and lime) utilized in this paper 
are the common binders used in soil stabilization work. The Pozzolanic binder used in this study is fly ash. Two 
types of fly ash are used; namely Sode and Sop are a waste from by product from two local mining. This means 
that initial characteristic of Sode and Sop is different. These two type of fly ashes (Sode and Sop) is pure waste, 
its have never been treated by any treatment, the idea is to treat waste with a waste, to maximize the reutilization 
of waste material.  
 
Figure 1: Sampling locations on Port of Cherbourg 
2.1. Particle Size Distribution 
Particle size distribution is well known has an important role in engineering characteristics of a material. The 
waste sediments consists of fine particle, due to this reason, the particle size distribution test is realized using 
Laser Granulometric Diffracto meter (LGD), because LGD can identify the particle size to <2 µm. The particle 
size distribution of Fly ashes (Sode and Sop) is identified using LGD. The result from LGD is shown in table 1. 
Table 1: Particle size distribution of waste sediment and fly ashes. 
Parameters PoC1 PoC2 PoC3 PoC4 Sode SOP 
D10 (µm) 9 10.1 8.5 11.2 3.2 2.1 
D50 (µm) 11.2 8 7.6 9.6 19.2 17.5 
D90 (µm) 51.4 47.8 60.9 55.3 83 68 
<2 µm (%) 6.1 4 3 1.9 17 24 
2 - 63 µm 
(%) 
76 68 77 79.8 75 72.7 
> 63 µm (%) 17.2 28 18.9 18,4 8 3.3 
As shown in table 1, the particle size distribution of waste sediment from dredging work content of fins particle. 
The particle size of waste sediment from four different sampling locations shows almost similar pattern. This 
result shows the homogeneity of the waste sediment taken from 4 different sampling locations. The majority of 
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particle size of waste sediment is in range of 2 – 63 µm, this means that majority of the particle of waste 
sediment classified as silt loam size. Several researchers already identified the waste of different locations in 
France. Colin [10] both are working on dredged sediment of Port Le Havre. Their result stated that the dredged 
waste sediment of Port le Havre is in range of 2 - 63 µm (silt class). A previous study worked on waste sludge in 
to brick shows the same range of particle size [11]. Zhibo identified the particle size distribution of waste 
dredged sediment of Port of Cherbourg [7] (in other side ot Port) find out that the Majority particle size 
distribution of waste sediment is around 2 - 63 µm. Silitonga in his study worked with waste sediment from 
dredging project of Port en Bessin, the result show almost the same trend, the majority particle size of the 
dredged sediment is 2 - 63 µm [12]. This result confirmed that the majority particle size of waste dredged 
sediment in France is in range of 2 - 63 µm. The Pozzolanic binder used in this study is Fly ash, which divided 
in to two different types; Fly ash type 1 (Sode) and Fly ash type 2 (Sopo). The particle size of the two types of 
fly ashes is presented in Table 1. The majority of particle size of fly ashes is in range of 2 - 63 µm. from this 
point of view, we can say that the majority of particle size of fly ash is in the same size with waste sediment. 
Contrary to this result, the common fly ash that usually used in soil stabilization is much finer. This result is 
because the fly ash used in this study is the fly ash that taken directly from local mine. These two fly ashes has 
never been subjected to any test.    From table 1, the fly ash possesses almost 2-3 times (17%-24%) of finest size 
of particle (<2 µm) than waste sediment. According to Silitonga [13], in his study stated that the particle size in 
range of 2 - 63 µm, plays an important role on strength gained process, especially for binder (hydraulics or 
Pozzolanic) the binder with more percentage of particle with size of < 2 -  µm, will be more reactive than others 
2.2. Chemical Characteristic. 
In order to identify the content of micro pollutant of heavy metal in waste sediment, the chemical 
characterization is realized using Leaching test. The leaching test result for waste sediment is presented in table 
2. In order to the help categorizing the waste sediment, the researchers use reference limit from Decision of 
Council of European Union [14]. According to this classification, all the dredged material is automatically 
considered as a waste material and harmful for the environment and human, so after the dredging process, the 
waste should be disposed in special area, to prevent the disperse of the micro pollutant in to the environment 
surround. After being disposed the waste sediment subjected to stabilization process and after the content of 
micro pollutant categorized as inert waste, then it considered safe to be reused. The Council of European Union 
classification is divided in three categorizes; inert waste, non hazardous waste and Hazardous waste. This 
classification is presented in Table 3. It shows the result of chemical test. The chemical content of binders has an 
important role on strength gained process. The previous study [15] shows that one of the most influences on this 
gaining strength process is the CaO free. From table 4 we can state that Sop posses more percentage of CaO free 
than SOP, from this point of view, we could assume that Sop is more reactive than Sode, Automatically the 
sample with Sop content will perform higher strength than sample mixed with Sode.  
According to ASTM C-618-98 [16], one of the most important factors to identify the reactivity of the 
Pozzolanic binder is the total amount of SiO2, Fe2O3 and Al2O3. If the percentage of fly ash content in the 
mixture is equal or more than 70%, then that particular Pozzolanic binder assumed would reacts stronger than 
other. In table 4 we can observe that the total amount of SiO2, Fe2O3 and Al2O3, is 76% contrary, the SOP only 
posses From this result we can concluded that the Sode assumed will be more reactive than SOP.  
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Table 2: Particle size distribution of waste sediment and fly ashes. 
Micropollutant 
PoC 
1 
PoC 
2 
PoC 
3 
PoC 
4 
As (mg/kg) 1.8 3 2.7 3.8 
Cd (mg/kg) 1.3 3.8 2 3.3 
Cr (mg/kg) 61.2 69 52 70 
Cu (mg/kg) 0.31 0.9 0.48 0.71 
Hg (mg/kg) 0.28 0.39 0.17 0.3 
Pb(mg/kg) 11 27.4 22.1 21 
Ni (mg/kg) 7.2 26.3 23 18 
Zn (mg/kg) 84 74 62 81 
Table 3: Particle size distribution of waste sediment and fly ashes. 
Name SiO2 (%) 
Fe2O3 
(%) 
Al2O3 
(%) 
MgO 
(%) 
CaOtotal 
(%) 
CaOfree 
(%) 
SO3 
(%) 
Sode 47.3 7.09 21.63 3.32 8.52 0.9 4.02 
Sop 20.3 1.91 11.7 1.07 35.3 13.3 17.1 
2.3. Methodology 
The water content of waste sediment is very high, after the dredging process, the sediment is disposed disposal 
area. The dewatering process is realized in order to reduce the high water content of waste sediment. The 
dewatering process realized in normal temperature at open room..  
 
Figure 2: Dewatering process (evolution of water content) of waste sediment in disposal site 
The dewatering process finish is when the water content reaches the desired point.  The evolution of water 
content can be observed in figure 2. Due to its low water content the waste sediment is solved in to a smaller 
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size and sieve it with 2 mm sieve size. The sieved sediment then mixed with the other binders (cement, lime and 
fly ash). The mixed composition with different quantities of binders realized, then after the material is well 
mixed (in dry condition) the water introduced in to the admixture then again mixed with mixer moving machine 
at a speed of 1-8 mm/s for 5-8 minutes. The admixture subjected in to the mold sample and keep in the normal 
room temperature (26o) and after sample maker and the water content will be determined with proctor test for 
each composition. 
3. Mixture Composition 
The mixture composition is designed to identify the effect of the binders on the sample performance. For 
example with the sample content only with cement, it is realized to identify the effect of cement and as a 
comparison to other sample with different binder. 
Table 4: Mixture composition of sample 
Name Cement Lime Sode Sop 
     
US x x x x 
757Sode 7% 5% 7% x 
7514Sode 7% 5% 14% x 
7521Sode 7% 5% 21% x 
757Sop 7% 5% x 7% 
7514Sop 7% 5% x 14% 
7521Sop 7% 5% x 21% 
Cement 7 5 x x 
 
The sample with untreated waste sediment is realized as a initial performance of the sample without any binders. 
The sample with 21% of fly ash is realized to identify the effect of fly ash in big volume, this composition is not 
recommended to be applied in a real in situ project, because in economical point of view this volume of fly ash 
(21) cost to much and very difficult to mixed. The mix composition of sample is presented in table 4. 
4. Results and Analysis 
The test realized in this study is the common test that normally done in stabilization soil or road construction 
work. The aim of this test is to verify the engineering performance of waste sediment stabilized with hydraulic 
binders or Pozzolanic binder (fly ash).  
4.1. Unconfined Compressive Strength 
This unconfined compressive strength test is performed to identify the strength of the sample on simple 
compressive. The unconfined compressive strength is performed with sample at curing age of 7, 14, 28, 56 and 
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90 days. According to previous study the minimum unconfined compressive strength value for parking area is 1 
MPa at 28 days of curing age [17] 
Table 5: Result of Unconfined Compressive Strength 
 
Name 
7 days 
(MPa) 
14 days 
(MPa) 
28 days 
(MPa) 
60 days 
(MPa) 
90 days 
(MPa) 
US 0.45 0.62 0.7 0.75 0.8 
757Sode 0.75 0.82 0.95 1.8 2.3 
7514Sode 0.8 0.9 1.2 2.1 2.8 
7521Sode 0.76 0.87 1.1 2 2.8 
757Sop 0.69 0.8 1.2 1,9 2.1 
7514Sop 0.78 0.88 1.1 2 2.4 
7521Sop 0.68 0.8 1.2 2 2.5 
Cement 0.87 1.05 1.3 1.4 1.4 
 
The result of unconfined compressive strength is showed in Table 5. The sample without any binders (US) 
shows insignificant increase of unconfined compressive strength, the unconfined compressive strength value of 
this sample cannot the minimum requirement of 1 MPa at 28 days of curing age. This result confirmed that 
without any binders the waste sediment of dredging work is not safe to be directly reused as a material even in 
parking area. The sample with only cement content performs the highest strength, since 7 days to 28 days of 
curing age compared to other samples. This result is produced because the fast cement hydration. The cement 
hydration directly started when H2O is presented in to the mixture. In summary, this reaction produced Calcium 
Aluminate hydrate and Calcium Silicate hydrate, which known that the Calcium Silicate hydrate and Calcium 
Aluminate hydrate have a significant role on providing additional strength. The different percentage of fly ash in 
the samples (7%, 14% and 21%) shows an important effect on strength of compressive strength. As shown in 
table 5, the increase of the volume of fly ash (7%, 14% and 21%) directly increase the strength gained. Even 
though the strength value at 7-28 days is not as high as sample with cement content only, but the evolution of 
strength still detected. This result because at teen-age days of curing period (7 days) the Pozzolanic reaction is 
still not started yet. At this period of time, the cement hydration of cement and the filler effect of fly ash is the 
most dominant to provide strength. Contrary after 28 days of curing age, the sample started to show an 
significant evolution of strength. The Pozzolanic reaction starts to react and provide the additional strength. The 
strength value of samples with fly ash at 180 days show an significant different of strength value compared to 
sample with only cement content. The sample mixed with 14% and 21% of fly ash type 1 (7514Sode and 
7521Sode) show the highest unconfined compressive strength at 180 days of curing ages. The difference 
percentage of fly ash (7%) doesn’t show any effect to the strength. Start from 7 days curing age, the unconfined 
compressive strength between these samples (7514Sode and 7521Sode) didn’t show any significant on 
unconfined compressive strength. This result happened because there is the excess of fly ash volume in the 
mixtures. According to this result we can concluded that insignificant strength evolution although the percentage 
of fly ash increase the volume of 21% of fly ash content in the mixtures considered as an excess case. The same 
pattern happened with fly ash type 2 (Sop), the sample with 14% and 21% of fly ash type 2 (7514Sop and 
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7521Sop) posses insignificant compressive strength at 180 days curing ages. The different type of fly ash clearly 
show has an important role in providing compressive strength. The samples treated with fly ash type 1 (Sode) 
present a highest compressive strength at 60 days up to 90 days of curing age. The sample with fly ash type 1 
(Sode) can reach up to 2.8 MPa at 90 days of curing age, the samples with fly ash type 2 (Sopo) posses 14% less 
at the same days curing age. This unconfined compressive strength confirmed that fly ash type 1 (Sode) is more 
reactive than fly ash type 2. Because according to ASTM C-618-98 [6], one of the most important factors to 
identify the reactivity of the Pozzolanic binder is the total amount of SiO2, Fe2O3 and Al2O3. If the percentage of 
fly ash content in the mixture is equal or more than 70%, then that particular Pozzolanic binder assumed would 
reacts stronger than other and this result confirmed this theory. Table 4 shows that the total amount of SiO2, 
Fe2O3 and Al2O3 of fly ash type 1 (Sode) is 76% and fly ash type 3 only posses 33%, 
4.2. Mouillage-Sechage Test 
This test is realized to determine the sensibility of the sample to the water. The sensibility to the water is very 
important, because if it is weak then the sample could not resists and the water can penetrates enter in to the 
micro structure of the sample and could bring the micro pollutants out and disperse it in to the environment 
surround and can harm the environment and the human. This is why we need to know how strong the bonding 
between the particles to resists the water penetrates in to the microstructure. The mouillage-sechage test is 
realize by subjecting the samples in to 10 cycles of mouillage-sechage test. The first cycle of the test will be the 
sechage condition where the sample will be put in to the oven with normal room temperature (270) for 24 hours 
straight. After the mouillage condition finish the second cycle is the mouillage cycle started. This cycle 
performed by drowning the samples in to the water for 24 hours I cycle of mouillage –sechage test consists of 
24 hours of sechage condition and continue with 24 hours mouillage condition.  This cycle will be repeated for 
10 times, then the mouillage-sechage considered accomplished.  
Figure 3: Evolution of compressive strength after Mouillage-Sechage test. 
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After treated by Mouillage-sechage test for 10 cycles, the sample subjected to unconfined compressive strength 
test, this test is realized with sample with 90 days of curing age.  As presented in Figure 3, the result of 
mouillage-sechage show a important degradation of the sample, and initiates e decrease on compressive 
strength. After treated with 10 cycles of mouillage-sechage test, the sample visually shows a significant 
degradation on its surface. This clearly shows an indication of the increase on strength. As shown in figure 3, 
sample with cement content only has the lowest compressive strength (0.68 MPa) after subjected to mouillage-
sechage test, beside that, the sample with cement content show a highest reduction of compressive strength 
(54%).  At 28 days we can assume that the cement hydration process already reach its maximum reaction. 
Unfortunately even at 90 days of curing age, it shows that the water still can penetrate in to the structure and 
weaken the bonding between the particles by fill the empty space in the microstructure. The sample with fly ash 
show less significant reduction of compressive strength after the mouillage-sechage test. This is because beside 
the Pozzolanic binder reaction, the role of fly ash as a empty spacy filler is very dominant, especially at 7 days-
14 days of curing age. This filler effect can happen because of its fine particle size distribution. The empty space 
filled with fly ash increase the specific surface of the sample and makes the bonding between particles stronger. 
This is why the sample treated with fly ash is not very sensitive with the water. The increase of the percentage 
of fly ash makes a important remark on strength evolution. As we can observe in Figure 3, the sample with the 
highest percentage of fly ash (21%) for fly ash type1 (7521Sode) and for type 2 (7521Sop), present the highest 
compressive strength after mouillage-sechage test. The fly ash addition in this result of mouillage sechage test is 
clearly give a positive effect on sensitivity to water. 
5. Conclusion 
The problematic of the stabilization of sediment polluted is the common hydraulic binder is not strong enough to 
increase the characteristic of the waste sediment to be reuse as a new material. In this study, the binder 
Pozzolanic such as fly ash is used as an alternative binder to stabilize this waste sediment. The majority of 
particle size distribution of waste sediment of Port of Cherbourg is in range of 2 - 63 µm. From four different 
locations of the sampling, the result is similar, this show the homogeneity of the waste sediment. Even though 
the majority of particle size distribution of fly ash is in the same range 2 - 63 µm but the percentage of  <2 µm is 
almost three times than waste sediment. The chemical test presents the micro pollutant content in the waste 
sediment. According to Council of European Union classification, the waste sediment is classified as a non-
hazardous waste; this means the waste sediment should be treated. The result of unconfined compressive 
strength shows the sample with the highest compressible strength at 28 days is the sample with cement content 
only, contrary to this result after 90 days of curing age, the sample with 14% and 21% of fly ash type 1. In this 
result, the addition of fly ash clearly shows increase on the unconfined compressive strength, especially after 60 
days of curing age. The addition of fly ash is proven to increase the sensibility of the sample to water. The 
sample becomes more resistant to water. This sensibility of the water is important to prevent the dispersionof the 
micro pollutant in to the surrounding area, harm the environment and human. 
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